CYP2E1 is one of a superfamily of enzymes that play a central role in activating and detoxifying many xenobiotics and endogenous compounds thought to be involved in the development of several human diseases. Among other factors, individual susceptibility to developing these pathologies relies on genetic polymorphisms, which are related to ethnic differences, since the frequency of mutant genotypes varies in different populations. The aim of this study was to investigate the genetic basis of CYP2E1 polymorphisms in the populations of four different geographical locations of China. Twenty-two different CYP2E1 polymorphisms, including six novel variants in promoter regions and a novel nonsense mutation, were identified. The frequencies of some polymorphisms and genotypes demonstrated significant differences among the four populations. Linkage disequilibrium analysis and tag SNP selection were performed. Haplotypes were analyzed within the selected tag SNPs. Tag SNP selection and haplotype distributions showed differences across the four populations.
Introduction
The cytochrome P450 enzymes (CYP) play a central role in the metabolism of many xenobiotics and endogenous compounds including drugs, food additives, industrial solvents, and pollutants, converting them to reactive metabolites [1] . Besides detoxification, they often catalyze the metabolic activation of procarcinogens to their ultimate carcinogenic forms. A great part of the interindividual and interethnic differences in the metabolism of many xenobiotics and endogenous compounds is now attributed to genetic differences in their metabolism. Mutations in a gene that code for an enzyme metabolizing these substances can give rise to enzyme variants with higher, lower, or no activity at all [2] . Thus, populations can be divided into phenotypes of poor metabolizers (PMs), intermediate metabolizers (IMs), extensive metabolizers (EMs), and ultrarapid metabolizers (UMs). Individualized drug therapy based on genotype analysis therefore promises to be an effective method of reducing adverse effects and improving drug efficacy.
Among the various P450s, CYP2E1 is of particular interest due to its role in the metabolism and bioactivation of many low molecular weight compounds, including ethanol, acetone, drugs such as acetaminophen, isoniazid, chlorzoxazone, and xuorinated anesthetics, and many procarcinogens such as benzene, N-nitrosodimethylaminen, and styrene [3] [4] [5] . The CYP2E1 gene exhibits several genetic polymorphisms that are thought to play a major role in interindividual variability in drug response, drug-drug, drug-xenobiotic interactions and in susceptibility to chemical-induced diseases [1, 6] . Of the known polymorphisms, the CYP2E1⁎1D allele contains a repeat sequence in the 5′-flanking region of the gene that may function as a negative regulatory element [7] . Individuals with the CYP2E1⁎1D genotype who had recently consumed alcohol or were obese have been found to have higher CYP2E1 activity [8] . The CYP2E1⁎1D allele has also been associated with increased risk of esophageal and colorectal cancers, which are diseases related to alcohol and tobacco abuse [9, 10] . The CYP2E1⁎6 polymorphism is located in intron 6 [11] . This change assumes that it is the polymorphism and not the intron that lowers "chlorzoxazone metabolic ratios" [12] and to be correlated with single strand breaks in DNA [13] .
Several reports have demonstrated that CYP2E1 polymorphisms differ markedly in frequency among different ethnic and racial groups [14] . However, there has been virtually no comprehensive search for genetic polymorphisms of CYP2E1 gene in the Chinese Han population.
As the largest population (nearly 20%) in the world, the Chinese Han population is spread over the third largest populated area with a land mass of about 9.6 million km 2 . In addition, the Han population is country. The Han population has a very long and complex demographic history, and the population stratification arising from the interplay of different geographic areas will therefore have influenced the polymorphism pattern. No polymorphism study of the CYP2E1 gene focusing on the different geographic Han populations has been carried out to date. Moreover, specific haplotypes and allele combinations rather than single polymorphisms may provide a better basis for individualizing treatment. However, no systematic polymorphism screening, linkage disequilibrium (LD) pattern analysis, or haplotype analysis of the whole CYP2E1 gene has been conducted in either the Han or any other ethnic group in China. A database of CYP2E1 allele frequencies for normal Chinese Han subjects would be useful for optimizing pharmacotherapy with CYP2E1-substrate drugs and we therefore aimed to systematically screen the polymorphisms of the CYP2E1 gene in the four different geographical groups making up the Chinese Han population namely those in the north, south, west, and east of the Chinese mainland. We also investigated the LD pattern and haplotype construction of this gene in these populations. To the best of our knowledge, this is the first study to systematically screen the polymorphisms of the whole CYP2E1 gene in a large Chinese Han population.
Materials and methods

Subjects
Blood samples were obtained from 400 healthy unrelated volunteers living in four different areas of the Chinese mainland: 100 subjects from Xian City, which lies in the west of China; 100 subjects from Shanghai City, which lies in the east of China; 100 subjects from Shenyang City, which lies in the north of China; and 100 subjects from Shantou City, which lies in the south of China. Each group of 100 subjects consisted of 50 males and 50 females between 18 and 53 years of age. All subjects were judged to be in good health in terms of their medical history and after a physical examination. All the volunteers in this study were of homogenous Chinese Han ethnicity. The study was approved by the Shanghai Ethical Committee of Human Genetic Resources and all subjects gave informed consent for their participation.
Polymerase chain reaction condition and DNA sequencing Systematic polymorphism screening was performed by direct sequencing. Genomic DNA was isolated from peripheral blood [15] . PCR primers were designed to amplify 2000 bp of the 5′-flanking regions and all exons of the CYP2E1 gene. The PCRs were carried out on the Gene Amp® PCR system 9700 (Applied Biosystems, CA, USA). The amplification mixture contained a final volume of 25 μl: 10 ng of genomic DNA, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5-3.0 mM MgCl 2 , 200 mM dNTP, 1 mM of each primer, and 0.25 U Taq DNA polymerase. The amplification conditions were 95°C for 1 min, followed by 30-35 cycles at 95°C for 30 s, 50-65°C for 1 min, 72°C for 1 min, then a final extension at 72°C for 10 min. Preparation of DNA for sequencing included incubation of PCR products with 0.1 U of shrimp alkaline phosphatase (Roche, Basel, Switzerland) and 0.5 U of exonulease I (New England Biolabs, MA, USA) at 37°C for 45 min, followed by heat inactivation at 85°C for 20 min. The PCR products were sequenced using an ABI Prism® BigDye Terminator Cycle Sequencing Kit, version 3.1 (Applied Biosystems) on an ABI Prism 3730 sequencer.
Statistical analysis
Allele and genotype frequencies were calculated using the counting method. X 2 multiple comparison was performed to detect differences in polymorphic frequencies among the populations from the four different cities. P-values were corrected according to Bonferroni's method. P b 0.05 was considered to be statistically significant. The Arlequin program was used to determine whether the CYP2E1 allelic frequencies conformed to Hardy-Weinberg equilibrium. 1 Linkage disequilibrium and haplotype block structures were estimated by the confidence-interval method using the Haploview program.
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Analysis of functional sequences in the promoter region
The transcription factor binding analysis of the polymorphisms in the promoter region was performed on the web-based software Conserved Regulatory Element anchored Alignment (CONREAL). 3 
Analysis of the functional novel amino acid substitution
The significance of Arg337Stop was predicted based on the crystal structure model of CYP2E1 (PDB code 3E6I).
Results
A total of 22 different genetic variants were detected in the 5′-regulatory region and all exons of the CYP2E1 gene in the 400 samples. The genotype and allele frequencies were analyzed using the Arlequin program and were in equilibrium with the Hardy-Weinberg equation. In the 5′-flanking region, 16 variants were identified, including 6 novel ones. The CONREAL analysis showed that all novel polymorphisms found in the promoter region produced altered transcription factor binding efficiency (Table 1 ). In the exons, 5 variants were detected, including one novel nonsense mutation (C1009→T, p.337R→stop codon) in a Shantou subject in exon 7 with a frequency of 0.5%. We also carried out a statistical comparison of all the polymorphism frequencies in the four different geographic populations. All the polymorphisms and their allele frequencies found in the study are summarized in Table 2 and the P-values within the four populations are shown in Table 3 .
The CYP2E1 alleles and genotypes were identified on the basis of the polymorphisms found in the study. We found 4 CYP2E1 alleles and 7 genotypes in the mainland Chinese Han population. The CYP2E1 alleles identified were CYP2E1⁎1, ⁎2, ⁎5, and ⁎7 while ⁎3, ⁎4, and ⁎6 were not detected in the population sampled. 4 The most frequent alleles were the wild-type allele ⁎1 (49.5%) followed by ⁎7 (33.9%), and the ⁎5 allele (16.1%). Frequencies of some alleles such as ⁎2 were low (b1%), but this allele was detected only in the Shanghai population. The CYP2E1 genotype frequencies are summarized in Table 4 .
To calculate the extent of linkage disequilibrium (LD) in pairwise combinations of the SNPs, we calculated D′ and correlation of alleles at two loci (r 2 ), the normalized linkage disequilibrium statistic for all possible pairs of SNPs. The results are shown in Fig. 1 . The tag polymorphisms were selected separately in the four geographical populations using Haploview analysis. The haplotypes were constructed from the tag SNPs in each population. The tag SNP selection and haplotype frequencies for the four different geographical populations are summarized in Table 5 . The results show that each geographical population had a different tag SNP selection and haplotype distribution for CYP2E1. In addition, each geographical population had one dominant haplotype with a frequency higher than 55%. The results show that there was a different haplotype structure and haplotype distribution for each of the four geographical populations. Besides comparing the data for the populations from the four different geographic areas, we also carried out a comparison with data previously reported in other ethnic groups, such as other Asian, European, American, and other Caucasian populations. As shown in Table 6 , the frequency of CYP2E1⁎1D allele in the Chinese Han population (17%) is notably higher than in the Swedish population (1.1%) but similar to the data for other Asian subjects. The frequency of this allele is significantly higher than in the data reported for Europeans, Americans, and other Caucasians. As for CYP2E1⁎5, the frequency of 16.1% is lower than that found in some Asian populations, although slightly higher than in some others, and much higher than among Europeans and Americans. In addition, the frequency of the CYP2E1⁎7 allele in the Chinese Han population (33.9%) is much higher than in the German (3.7%) and other European populations (Table 6) .
Discussion
CYP2E1, which makes up less than 1% of the total hepatic P450 isoforms, plays a very important part in the metabolism of drugs and low molecular weight compounds. Polymorphisms among CYP450 isoforms are well known. 4 In particular, several polymorphic sites of CYP2E1 have been associated with genetic susceptibility to several types of chemical-induced diseases, including several types of cancer underlining the importance of analyzing such polymorphism in individual populations. Few studies to date have focused on the Chinese Han population. Our systematic polymorphism analysis of CYP2E1 in different geographic Han populations of the Chinese mainland and the comparison of the CYP2E1 polymorphisms with those from other racial and ethnic groups should contribute significantly to a better understanding of the polymorphism pattern ⁎ The position in the gene is that indicated by the reference sequence of J02843 in the GeneBank.
Table 3
Fisher's P-value for SNPs in four different geographical Chinese Han populations. of CYP2E1 and of potential benefits for personalized medicine in the Chinese Han population. One novel nonsense mutation, which could result in the change of Arg to stop codon, was detected for the first time in the Chinese population. Further possible effects of this variant were evaluated on the basis of CYP2E1 crystal structure. The nonsense mutation that produces a reduced protein content of 336 amino acids could result in a total loss of enzyme activity. It is known that the heme, which forms several hydrogen bonds with the side chain of surrounding amino acids, is located in the center of CYP2Es (Fig. 2) . Thus, the mutation that breaks the original protein structure causes obvious hindrance in the formation of hydrogen bonds and could result in the almost complete displacement of heme. We also found in the promoter region six novel variants, which might change the efficiency of transcription binding factor. They were identified through the application of CONREAL, a tool that has been used widely to predict this factor, and their effects on the expression of the CYP2E1 gene need to be further investigated.
The identification of the CYP2E1 alleles and genotypes was based on the polymorphisms found in the present study. Four different CYP2E1 alleles and 7 genotypes were detected. Some allele and genotype frequencies demonstrated differences among the four different geographic populations. These differences might be related to the following factors: genetic background, cultural variants, and other factors such as living environment and dietary habits. Fisher's Pvalues for the four groups ranged from 0.0001 to 0.05, indicating significant differences among the four populations. However, the frequencies of polymorphisms in Chinese mainland were consistent with the Wang et al. report for Hans in Taiwan [35] .
Linkage disequilibrium between each pair of SNPs was calculated for each of the four populations using Haploview analysis. The results not only suggested the existence of high levels of LD over some genomic regions spanning the CYP2E1 gene but also showed a different LD pattern for each population. The haplotypes were constructed from the tag SNPs selected according to different LD structure, so each geographical population had its own haplotype structure and haplotype distribution for CYP2E1. However, the combined effects of some decreased function variants produce inactive enzymes. Different polymorphisms and their combinations may produce markedly different results in terms of CYP2E1 activity.
Tag SNP detection and haplotype analysis would therefore be helpful in identifying the metabolizer phenotype.
CYP2E1 polymorphism frequencies show variability across different races and ethnicities, as do most other xenobiotic-metabolizing enzymes. We therefore compared the frequencies of alleles and genotypes with those of other ethnic populations. As can be seen from Table 6 , the frequencies and alleles detected in our Han population are similar to those in the Japanese and other Asian populations, although some variants in these populations are not present in the Han Chinese. However, the comparison with Europeans, Americans, and some other Caucasians showed significant differences. For instance, the frequency of alleles ⁎5 is 1.2% in Finns, 1% in European Americans, and 4% in African Americans, compared with 16.1% in our study. Allele ⁎7 showed a high frequency, of 33.9%, in our population compared to 3.7% among German (3.7%). We found a much higher frequency of alleles with a CYP2E1 duplication in our population (17%) compared with Americans (2%). These results may indicate that environmental characteristics, such as culture and national diet can affect the polymorphisms of CYP2E1.
In conclusion, this is the first large-scale systematic analysis of polymorphisms across the whole CYP2E1 gene in the Chinese Han population. We also conducted a function prediction, an LD pattern analysis, and a tag SNP selection and haplotype analysis in four different geographical Han populations in mainland China. These data can serve as a baseline for larger studies on the mechanism and effects of CYP2E1 polymorphisms in Asian populations. It should also provide important data for the advance of personalized medicine. ⁎ The frequencies are calculated according to the data presented in the corresponding articles. 
